ABSTRACT. Using a panel data approach we investigate whether schooling causes health or health causes schooling. We found evidence that supports the influence of the level of health in increases in education and the influence of education growth in health improvements. This means that a healthier population enhances education growth and growth in education facilitates further growth in health. We have also concluded that the channel from health to education is stronger than the channel from education to health.
Introduction
There are three main reasons to be concerned with causality between education and health. First, both health and education may simply be outcomes of a separate cause such as time preference which causes a correlation but not causality. Second, education may affect health by improving the productivity of health services or by improving healthy habits. Third, poor health early in life limits educational attainment while poor health on the job may limit training and wage growth (for a survey on these reasons and on theories linking education to health, see Hunt-McCool and Bishop, 1998) . However, the relative importance of each direction of causality is not yet clear.
Macroeconomic theory has focused on human capital accumulation as dependent on health and demographic features. Zhang et al. (2001 Zhang et al. ( , 2003 and Kalemli-Ozcan et al. (2000) assumed that a decrease in the mortality rate and the simultaneous decrease in fertility tend to increase parental investment in each child. Bloom, Canning and Sevilla (2001) and Cropper (2000) argue that the mortality rate is correlated with the health status of the population and thus a decrease in mortality triggers increases in the human capital quality and thus accumulation of human capital becomes more productive. Meltzer (1992) and Preston (1980) estimate that a high mortality rate reduces expected value of future returns from education. Most recently, Acemoglu and Johnson (2006) found a significant impact of life expectancy on fertility but no impact of life expectancy on schooling. This may be explained by the argument that increasing life expectancy increases both the returns to quality (human capital) 1 I thank Ana Balcão Reis for useful comments and suggestions. I gratefully acknowledge the excellent research assistance of Margarida Rodrigues. I also acknowledge financial support from the FCT, under the Project POCI/EGE/60845/2004. The usual disclaimer applies.
Tiago Neves Sequeira, A Note on the Causality between Health and Education, Economics & Sociology, Vol. 4, No 1, 2011, pp. 9-25. and the returns to quantity (number of children), which Hazan and Zoabi (2006) call the "neutrality result". These studies analyzed the causality from health to education. As can be seen, however the magnitude of the empirical relationship is still controversial.
Moreover one can also think that education improves the health status of the population. Lleras-Muney and Cutler (2006) suggest that education influences both health "gradient" and health status because higher levels of education lead to different thinking and decision-making patterns. Both evidence and theories on the inverse causality are more recent and rare. For instance, Arendt (2005) uses a panel data analyses using school reforms in Denmark for identification but the analysis on the effect of education on health "remain inconclusive". Tamura (2006) found positive effects of education on adult survival and also positive influence of health on education, between 1850 and 1990 for a sample of 92 countries. Tamura estimates a non-linear relationship between mortality and education that comes from his own theoretical model and confirms the model prediction that education decreases mortality. He also estimates a fixed-effects regression that explains years of young adult schooling with different measures of mortality. He concludes that infant mortality, young adult and adult mortality decreases education, which is consistent with his theoretical model, except for the result on infant mortality.
Most of the empirical studies dealing with the relationship between health and education are micro-or country-level studies (with the remarkable exceptions of Acemoglu and Johnson, 2006 and Tamura, 2006) . We can expect somewhat different results from those that have been obtained by micro studies. To mention some examples, at the macro level, the effects could be a result of aggregation bias, or that there are social-group wise-peer explanations at work at the macro level, beyond the individual level. 2 We contribute to the discussion with a cross-country study at the macro level, thus emphasizing the second aspect. We add to the literature the evaluation of causality between health and education, controlling for income in a broad cross-section of nearly one hundred countries, addressing the differences between poor and rich countries and using dynamic panel data methods that control for different types of endogeneity, namely simultaneity bias, omitted variables and measurement errors. Most studies use educational output variables without considering the quality of that output. We also innovate in considering a education variable that is weighted by a quality measure. Our results tend to confirm the causality from health to education growth and the causality from education growth to health growth.
The paper follows with a description of the empirical model in Section 2. In Section 3, we address the question of causality from health to education and in Section 4 we address the question of causality from education to health. We divide each of Sections 3 and 4 in two: one that describes the specification search and another that presented selected specifications. Finally we conclude in Section 5.
Empirical model

Data on education and health
We distinguish two different indicators of Education (which we name as H u ): the first indicator measures the quantity of schooling (years) in total population above 15 years old (tyr) and the second weights this quantity with a quality measure from Hanushek and Kimko (2001) (tyrq) . 3 As a proxy for health (which we name as H e ), we use life expectancy, because it is widely used and is the mostly available proxy for health. To control for family or society background when explaining schooling, we introduced income, measured by real per capita GDP using the chain index and adult education, measured by total years of primary education in total population above 25 years old. These variables were also used by Barro and Lee (2001) Detailed Definitions of Variables: 1. tyr: Average total years of schooling in the total population above 15 years old. 2. Life expectancy at birth indicates the number of years a newborn infant would live if prevailing patterns of mortality at the time of its birth were to stay the same throughout its life. 3. pyr: Average years of primary schooling in the total population above 25 years old. Table 2 shows descriptive statistics on the variables used. The next table shows correlations between the dependent variables and the covariates used in the panel database. From these figures, we conclude that there is a strong positive association between income, adult education, life expectancy and schooling growth. However we cannot infer anything about causality. 
Descriptive statistics and correlations
Specification
We use the Dynamic Panel Data system estimator developed by Arellano and Bover (1995) and Blundell and Bond (1998) . Compared with the single cross-section analysis, the panel data analysis increases the regressions' degrees of freedom due to the increased number of observations and, as a GMM method, it is robust to the presence of country-specific effects and other possible sources of endogeneity, such as omitted variables, measurement errors and causality. It is worth noting that as an instrumental variables estimator it is robust to timevarying sources of endogeneity, and as a first-differenced estimator it is also robust to fixedeffects. This is quite important in this context, as Hanushek et al. (1996) argued that aggregation implies a significant upward omitted variables bias, linked namely with different institutions and policies throughout countries. Given the properties of this estimator, we believe we are correcting for the problem. The use of this estimator is also extremely important due to our emphasis on causality, as it is also robust to the simultaneity bias. 4 We estimated the following benchmark equations:
with N i 1,..., = being the number of countries, t = 65..,2000 the time periods, j = 1,2 the lag structure for health in (1) and education in (2) , we use years of schooling on population above 15 years old (tyr) and a quality-weighted measure of total years of schooling (tyrq). Both equations use GDP in logs as a control and a complete set of time dummies.
This benchmark specification for equation (1) is based in previous literature on the determinants of Education. As most previous micro-studies mention family background as the main determinant of school performance (Hanushek, 1986 (Hanushek, , 2003 and Barro and Lee (2001) refer to family background and proxied it by GDP and Adult Education, equation (1) also includes Adult Education (AE) as a control in some specification exercises. The specification in equation (2) uses education and income as determinants of health, also inspired by previous literature. While in Tamura (2006) the only determinant of health is education and most theoretical models see health or mortality transition as exogenous (e.g. Lagërlof, 2003 sees it as a result of epidemic shocks), some recent articles explain mortality and demographic transition as a result of economic transition and economic integration (e.g. Strulik, 2000 and MacDermont, 2002) . We therefore add GDP as a possible determinant of life expectancy evolution.
As the aim of the paper is to find robust specifications that link education to health, we present below some specification searches in order to obtain the most robust specifications. First, we perform specification searches between linear and logarithmic relationship. The overall relationship between health and education (see Figure 1) suggest a logarithmic specification, thus among non-linear relationships, we prefer the log specification. We note that given the definition of the right-hand side (rhs) variables given above, all of them are measured before the dependent variable. However, we do not know if further lags of the rhs variables are related to the dependent variable. Thus we also perform specification search among different lag structures in the equations. For the specification searches, we only use tyr as the variable for education. We then introduce tyrq in the selected specifications and we also present regressions with it. 
GDP (in logs)
. Because we use the system GMM estimator, there are the following additional moment restrictions for the levels equation:
It is worth noting that these conditions allow for the levels of explanatory variables to be correlated with the unobserved country-specific effects. With this, we are arguing that past education and past health are not correlated with current differences in omitted variables (but can be correlated with its levels) and also that past variations on education, health and explanatory variables cannot be correlated with fixed-effects and other omitted variables in levels.
We use these moment conditions and employ a GMM procedure to generate consistent and efficient parameter estimates. This system estimator is preferable to the difference estimator if the dependent variable is highly persistent, as is the case for education and life expectancy and if the number of time-series observations is relatively small, as is also the case.
Consistency of the GMM estimator depends on the validity of the instruments (i.e. the validity of the described moment conditions). To address this issue, we consider two specification tests: the first is the Hansen test of over-identifying restrictions, which tests the overall validity of the instruments; the second is the second-order autocorrelation test for the error term. Overall, both specification tests indicate that the instruments used are valid, if we would not reject the null of validity of instruments (Hansen Test) and if we would not reject the null of no second-order autocorrelation. However, first-order autocorrelation is expected in first-differences. In order to reject the null of the AR(1) test in differences, we introduced the lagged difference in the dependent variable in (2) . This variable proved to be highly significant in regressions, as we will see.
When the comparison between the number of observations and the number of instruments indicates an overfitting bias in the empirical model (this is, an excess of instruments), we decrease the number of instruments so that this number approximates the number of countries. We do this successively reducing the number of lags and lag differences used as instruments.
Does health influence education?
In this section, we investigate the causality from health to education and present results for the estimation of specification (1). This is the direction of causality that has been widely covered by past literature. Nevertheless, past contributions are mostly theoretical in nature and a consensus on the empirical magnitude of the effect has not been achieved.
Specification search
In this section, we briefly describe the specification searches we present in Tables A.1 and A.2 in the appendix. First we test linear specification against log-log specification and log-linear specification (in which the dependent variable is at levels and life expectancy is at logs). We present results in Table A. 1. This log-linear specification is tested because we can see that the life expectancy variable is much more volatile than the education variable (see Table 2 ). GDP is always introduced in logs as it is the most volatile variable and most previous analysis also introduce this variable in logs. When the AE control enters in regressions, it enters in logs when the dependent variable enters in logs and in levels when the dependent variable enters in levels. The overall conclusion is that life expectancy is almost always a significant determinant of education, but only in the log-log specification it subsists to the introduction of the Adult Education (AE) control (which is never significant), so we have selected this specification for further work.
This log-log specification is now tested using different lag structures (Table A. 2). We present regressions in which health is introduced with one and two lags. When testing for further lags, we concluded that these are systematically non-significant thus we are not presenting them. We also present regressions in which health is introduced in first differences and lagged first differences. As both education and health are in logs, we are explaining education growth conditional on past education, income and health. It is possible to conjecture that health growth may have some effect in education growth, which could be interpreted as a short-run or transitional effect.
The overall conclusion is that health measured in the preceding five-year period (from education) and with one and two lags have a robust and positive influence on years of schooling, meaning that health in levels taken in the previous years explain the evolution of education ( Table A. 2, columns 1 to 6). This is compared with non-significant signs of coefficients of the first difference and lagged first difference in health ( Table A. 2, columns 7 and 8). Thus we conclude that a steady-state or long-run causality exists from health to education.
Selected regressions
In this section, we present the selected regressions that estimate the causality link from health to education. We present results for two equations, one of which use the number of schooling years as the dependent variable ( ) ( log tyr ) and the other uses the number of schooling years weighted by a measure of quality ( 1 ) ( log QL tyr  ), which we named as tyrq . We abstain from the presentation of equations with AE as we saw that this variable was almost always non-significant. Nevertheless, its inclusion would not change results. In these regressions we include current health (measured in the previous five-year period) and health lagged one and two periods. This is done to see how strong is the effect of past health, given the effects of health measured in other periods. To ease of interpretation, we write the equations and present p-values below the coefficients. We also indicate the level of significance using *** for 1%, ** for 5% and * for 10% significant levels, respectively. The first equation includes 100 countries (567 observations) and 90 instruments and the second includes 80 countries (455 observations) and 76 instruments. (2) tests do not reject and the AR(1) test rejects. Second we concluded for a positive impact of health measured in the preceding five years period (and indicated as current health in regressions). A rise in life expectancy in 2 years would increase 1.47 years of schooling, which reveals a very important effect. Also, a rise in 2 years in life expectancy would increase 0.15 our measure of schooling years weighted by quality. We can also distinguish from shortrun impacts, where education is affected by health, taking past education as constant, and also steady-state effects, where education would be constant. In this last case, the effect of a 2 years rise in life expectancy would imply an increase of 4.45 years of schooling. This variation in life expectancy would also increase tyrq in 3.05. We can clearly say that, when compared with GDP, health is more significant in determining education.
Next, we divide the sample into poor and rich samples. We consider rich countries as those that are above the median for the majority of periods considered (considering all the period, the median is 3347 USD). Otherwise, we consider the country as poor.
For the rich sample, we obtained the following equations. In rich countries we note that GDP becomes more important than health in explaining quantity of schooling (years). However, we also reach the interesting result that health in period t influences the quality-weighted measure of schooling. We should note however that if each variable of health would be introduced separately (as we did in the specification search for the whole sample) non-significant results would be obtained in all of them.
Results for the poor sample are presented in the following equations. The first equation includes 44 countries (247 observations) and 34 instruments. The second equation includes 25 countries (141 observations) and 24 instruments. 
For poor countries, the effect of health in education is lengthier than for the whole sample, as only health with two lags (equation 7) and one lag (equation 8) have significant effects on education. We should note however that if each variable of health would be introduced separately (as we did in the specification search for the whole sample) significant results would be obtained in all of them. Quantitatively, we can say that the effect is strong in this sub-sample as two more years in life expectancy would have an effect of 1.97 additional years of education after two periods. In the steady-state, this effect would rise to 8.94 years, nearly twice the effect in the whole sample. Thus, quantitatively, we obtained a much stronger effect of health in education in poor countries than that we found in rich countries. This fact should have policy consequences as it reveals a potential positive influence of health in improving schooling outcomes.
Does education cause health?
In this section, we investigate the causality from health to education and present results for the estimation of specification (2).
Specification search
As in the above section, in this section we implemented a specification search for the causality from education to health. First we tested linear, log-linear and log-log specifications. Results are presented in Table A .3 in the Appendix A. In this case, the level of education (in years) significantly reduces increments in health in the three specifications. As we cannot select a preferred specification as we did in the last section, we further test all specifications about the lag structure. With the specification search for the lag structure (Tables A.4 and A.5) , we discovered that the lagged levels continue to be negatively related to education. However, we have also discovered that first and lagged first differences in life expectancy positively influences education. From all the tested specifications the one that shows a higher significance is the log-log specification (Table A.5 ). Thus we present results for this specification in the following section. In order to obtain the full verification of the moment conditions, which imply a rejection of the AR(1) test (which was not obtained in Tables A.3 to A.5), we also introduce as a regressor the first difference of the dependent variable.
Selected regressions
In this section, we present the selected regressions that estimate the causality link from education to health. This regression employs 100 countries (560 observations) and uses 93 instruments. Next, we present the regression with the alternative quality-adjusted measure of education. This regression employs 80 countries (452 observations) and uses 77 instruments. From the analysis of the above equations, we can note that the first difference on education (both measured as years of schooling and measured as quality-adjusted years of school) positively influences the level of life expectancy (given the past level and lagged differences in past life expectancy). As life expectancy and education are in logs we can say that education growth influences life expectancy growth. This means that we can interpret this effect as a short-run or transitional effect. Quantitatively, this effect means that an increase of 1% in the education growth rate would imply an increase of 0.06% in life expectancy. When comparing this effect with the effect of education in health, we can say that the effect from schooling to health is quantitatively smaller.
In the following analysis, we will present and discuss regressions for the poor and for the rich sample. We begin by the rich sample. The following regression used 56 countries (320 observations) and 53 instruments. Thus, we note that in rich countries the lagged differences in log schooling have a slight significant influence in life expectancy in both regressions. We should note that if we drop non-significant first differences in education, the coefficients of the lagged differences would remain significant.
We finally present regressions for the poor sample. In these regressions the introduction of the first difference in health as a regressor does not help in rejecting first order autocorrelation, so we dropped this variable. The first regression used 44 countries (276 observations) and 43 instruments. In the sample of poor countries, we confirm a positive influence of first differences of the log of schooling years. We recognize however that in these regressions first order autocorrelation is not rejected as expected.
Conclusions
This article adds evidence based on a panel data approach to the discussion of causality between education and health. We employed system GMM dynamic panel data method to sort out the issue of causality and introduced a new measure of quality-weighted education. We found evidence that supports the influence of the level of health in increases in education and the influence of education growth on health improvements. Thus, using the typical interpretation of levels and difference effects on variables, we can say that health has both a short-run effect and a long-run effect on education but education has only a short-run effect on health. Life expectancy (our measure for health) in the past affects both poor and rich countries. However, only quality-weighted education is affected in the rich sample. One interesting interpretation for this result is that health increases both years and quality of schooling in poor countries but only increases quality of schooling in rich countries. The effect of education growth in health growth is stronger in the poor countries than in the rich but again quality-weighted schooling is a significant determinant of health in the rich sample.
Comparing these results and those in Tamura (2006) we also came to the conclusion that there is a positive effect of health in education. Contrary to the results in that reference, however, we reach the conclusion that it is the growth rate of education (and not its levels) that positively influences health. In both cases a non-linear logarithm specification was considered the appropriate to relate both variables. Nevertheless in Tamura (2006) , only the causality from education to health is non-linear.
Quantitatively, our research concluded that an increase in 2 years of life expectancy would increase years of schooling in one year and a half in the short run and in four years and a half in the long-run, which is an important effect. This effect is even stronger in the poor countries, which implies that health policy has an important external effect on education. 
